Competency-based assessment tools are used in regional anaesthesia to measure the performance of study participants, trainees, and consultants. This narrative review was performed to appraise currently published assessment tools for regional anaesthesia. A literature search found 397 citations of which 28 peer-reviewed studies met the inclusion criteria of primary psychometric evaluation of assessment tools for regional anaesthesia. The included studies were diverse in the type of assessment and the skill set being assessed. The types of assessments included multiple-choice questions, hand-motion analysis, cumulative sum, visuospatial and psychomotor screening, checklists, and global rating scales. The skill sets that were assessed included holistic regional anaesthesia technical and non-technical performance observed at the bedside, to isolated part-tasks, such as needle tip visualisation under ultrasound. To evaluate validity and reliability, we compared the studies against published medical education consensus statements on ideal assessment tools. We discuss the relative merits of different tools when used to assess regional anaesthesia, the importance of psychometrically robust assessment tools in competency-based anaesthesia education, and directions for future education research in regional anaesthesia.
The assessment of complex anaesthesia procedures, such as regional anaesthesia, requires evaluation of disparate knowledge, skill sets, and professional attributes. Practically, this is achieved by the use of assessment tools. 1 With the international shift towards competency-based postgraduate medical education, these tools assume a central role in current anaesthesia curricula by assessing the trainees' performances against predefined learning objectives, standards of performance, and behaviour. 1e6 The performances can range from the entire nerve block procedure on patients in a clinical setting, to part-tasks relevant to regional anaesthesia, such as anatomy knowledge and ultrasound-guided needle skills in simulation settings. The design, structure, and quantitative characteristics of an assessment tool are defined as its psychometric properties.
in assessment results. In research studies, validated and reliable tools are needed to measure performance changes after training interventions and for serial measurement of performance over time. 7 Until relatively recently, the principles of assessment and the methods of psychometric evaluation were not well disseminated beyond the medical education literature. To improve the consistency and robustness of studies that sought to design and evaluate assessment tools, the 2010 Ottawa Conference for Competence in Medicine and Healthcare published a consensus statement on ideal assessment tool properties, 8 describing a framework of reporting standards and statistical techniques used in psychometric evaluation. 9 We adopted this framework to appraise the published regional anaesthesia assessment tools. This narrative review discusses the type and purpose of current tools, and categorizes their psychometric properties, implications for clinical adoption, and priorities for research.
Methods

Criteria for ideal assessment tools
A utility index of psychometric properties of the ideal competency-based assessment tool was first proposed by Van der Vleuten 10 in 1996. This was officially adopted as a consensus statement at the 2010 Ottawa Conference as the document 'Criteria for good assessment: consensus statement and recommendations from the Ottawa 2010 Conference'. 8 The properties that defined a good assessment tool included validity, reliability, feasibility, educational stimulus, and acceptability of a tool by stakeholders. Table 1 summarizes these properties with a specific focus on regional anaesthesia. In practice, every assessment tool is a compromise between competing properties. This interdependent balance is most pertinent for validity and reliability. At a minimum, this requires evidence that the important skill sets of that task are examined (face and content validity), whether the tool differentiate trainees of different abilities (construct validity) and reliability (reproducibility of results). 12, 13 Of the different types of reliability, external reliability is more important in a clinical context, as it concerns consistency of scoring among different faculty members who assess trainees. Content validity is typically assured by anchoring with expert consensus guidelines. Examples include the regional anaesthesia learning objectives in the 2015 Accreditation Council for Graduate Medical Education Milestone project.
14 For ultrasound-guided techniques, the joint committees of the American Society of Regional Anesthesia and Pain Medicine and the European Society of Regional Anaesthesia and Pain Therapy describe minimum competencies. 15 
Framework for psychometric evaluation
Psychometric evaluation is an examination of these assessment tool properties against how well it conforms to purpose. These often use quantitative statistical analyses. In research studies designing new assessment tools, a primary aim is to evaluate reliability. However, previous reviews have noted limitations in the statistical analyses of reliability used by published studies. 4, 16 These limitations include heterogeneity and incorrect use of tests, precluding any meta-analyses of tools. In an effort to improve the quality of medical education research, an additional 2010 Ottawa Conference statement on reliability methods was published in the document 'Research in Assessment'. 9 Tests of reliability were classified as derivatives of the classical test theory, generalisability theory, and item-response theory. The majority of tests familiar to anaesthetists are based on the classical test theory. It is assumed that the observed score X is the sum of the true score T and any errors in measurement E, described by the formula X ¼ T þ E. Reliability coefficients estimate this amount of error; higher coefficients suggest low errors and greater reproducibility in observed test scores. 13 Examples of classical tests include split-half methodology, Cronbach's a, Cohen's k, and the intra-class correlation coefficient (ICC).
Split-half methodology is based on the correlation between scores from one-half of questions in a test against scores from the other half. This is most appropriately used in large banks of multiple-choice questions (MCQs). Split-half methods can identify questions with low correlations, prompting a rewrite or removal.
Cronbach a is a parallel test design applicable for continuous data, and is, in turn, the general form of the KudereRichardson 20 test used for dichotomous data. 17 Despite being a common test, Cronbach a has been incorrectly used and its limitations underappreciated. Firstly, Cronbach a is artificially increased when used for criteria-based assessments and by having more items in the test. 9 Also, Cronbach a is sensitive to individual inter-item correlations; a subset of items may weigh disproportionally on the overall average Cronbach a value for the entire tool. Equally, the test is susceptible to missing data with resultant low Cronbach a values. There are recommendations to calculate standard errors of mean with 95% confidence intervals to provide information on the absolute agreement of scores.
9,11
The analysis of external reliability can take several forms. In the simplest, the testeretest method measures scoring consistency at initial testing vs retesting at a later time by the same assessor. As a measure of score stability, there is a balance between retested too early (recall and learning bias) and too late (assessors may have gained experience in scoring). For reliability between different assessors, Cohen's k, ICC, and Pearson correlation tests have been used.
Cohen's k is typically used when two assessors are involved. It is a more robust test than simple percentage comparisons, as Cohen's k takes into account the possibility of chance agreement. For three or more assessors, the ICC statistic can be used. As ICC is a form of analysis of variance (ANOVA), the test can correct for chance variance, and is able to measure consistency and absolute agreement between scores. 18 This is particularly important when compared with
Pearson correlation, which can only measure consistency. In practical terms, Pearson correlation sets the upper limit of ICC values in ideal situations, but the calculated ICC is much lower. Studies that only use Pearson correlation, therefore, risk overstating the reliability of the assessment tool.
19
ICC itself has six statistical forms, and the choice of model will markedly change the result. 20, 21 Shrout and Fleiss 22 demonstrated that the six ICC models produce results ranging from 0.17 to 0.91 using the same raw data. As an example of using ICC to analyse a regional anaesthesia assessment tool, the following factors are considered: is the assessed task a random selection of all block procedures, and are the assessors randomly chosen from all possible assessors (one vs two way, fixed vs random effects); is the test designed to be scored by a single assessor, or two or more (single vs average measures); and does the numerical value of scores carry discrete information (absolute agreement)? The most stringent model is ICC (2A, 1), used when a single randomly chosen assessor scores a randomly chosen trainee performing a randomly selected regional anaesthesia task, with absolute agreement in scores. Cronbach's a is simply the consistency model ICC (C, k). 21 As a rule of thumb, ICC should be 0.80 or higher for high-stakes exams, and only marginally less for formative assessments.
10, 13, 19 The generalisability theory is the second major statistical technique to evaluate reliability. This theory is also a form of ANOVA and calculates the ratio of true variance (true score) to total variance (true score and errors). Analogous to ICC analysis, the assumptions used when performing generalisability modelling have significant effects on the resultant coefficient. 9, 23 Generalisability is uncommon in the anaesthesia literature. It has been used previously for paediatric anaesthesia skills 24 and validation of the mini-clinical evaluation examination tool in anaesthesia practice. 25 One advantage over classical tests includes identifying the source of scoring inconsistency from differences in patient difficulty (case specificity), or from differences in assessors (inter-rater error variance). 13, 26 For example, generalisability can provide indication if an otherwise satisfactory trainee received a low score because of a technically challenging patient, or if scoring was biased by a 'hawkish' assessor. Another advantage is reliability modelling, akin to a sample-size power calculation. Based on the raw data set, a decision study estimates the effect on reliability when changing the number of assessments performed vs the number of assessors required. 9 The third option to create assessment tools with inherent reliability is to use item-response theory. This method has been used recently to create a 47-item multiple-choice assessment tool for sono-anatomy relevant for ultrasoundguided regional anaesthesia (UGRA). 27 Unlike the previous statistical methods, item response is based on the analysis of individual items in the tool rather than scores by assessors. Each item is assessed to its probability of a correct answer vs trainee ability in an iterative process of item calibration and proficiency estimation. The discriminatory power of each item is determined by the location index, which is a graphical representation of the 'item characteristic curve'. The addition of Rasch one-parameter mathematical modelling allows the identification of poorly fitting items, which may then be examined for causes of poor discrimination, and amended appropriately or deleted. More complex two-and threeparameter logistic models allow better discrimination between trainees of variable ability, but require very large sampling sizes. 9 
Literature search
We undertook an electronic literature search for articles on regional anaesthesia assessment tools in PubMed, Embase, and Medline. Articles were deemed eligible for inclusion if the primary aim was psychometric evaluation of competency-based assessment tools for regional anaesthesia knowledge, skills, or behaviours. The following search terms and medical subject headings were used: regional anaesthesia, conduction anaesthesia, plexus block, brachial plexus block, femoral nerve block, sciatic-nerve block, neuraxial block, spinal anaesthesia, epidural anaesthesia, paravertebral block, human, clinical competence, and not limited for year. The search methodology was registered with PROSPERO (CRD42017068029) and performed in May 2017. All identified citations were independently reviewed by authors A.C. and A.S.W. Potentially relevant records, based on title and abstract, were selected. Earmarked citations, chosen by either of the blinded authors, were combined into a provisional list. We also manually searched references within articles for any relevant citations not already included. Only fulltext articles in the English language and published as peerreviewed journal articles were accepted. These authors then jointly scrutinized the methodology of each full-text article against the inclusion criteria, to reach a final list. Each article in this final list was then compared against the criteria for ideal assessment tools. The framework for psychometric evaluation was then applied to each article's statistical methods and results.
Results
There were a total of 397 records identified, comprising 391 citations from the literature search and six citations from bibliographies, as presented in the PRISMA flow diagram (Fig 1) . -psychometric analysis of assessment tool was secondary aim Fig 1. PRISMA flow diagram of the study selection process. Six additional records identified through other sources were Smith and colleagues (2012), 28 Duce and colleagues (2016), 29 de Oliveira Filho and colleagues (2008), 30 de Oliveira Filho (2002), 31 Schuepfer and colleagues (2000), 32 and Friedman and colleagues (2008). 33 Twenty-eight articles met the inclusion criteria. Multiple types of assessment tools were used, including MCQs, hand-motion analysis, cumulative sum (CUSUM), visuospatial and psychomotor screening, checklists, and global rating scales (GRSs).
Records idenƟfied
To allow for an easier comparison of the quality of tools within each type of regional anaesthesia procedure, the articles were categorized by the purpose of assessment: use in part-trainer tasks for regional anaesthesia (Supplementary Table 1 ); neuraxial-only regional anaesthesia clinical procedures (Supplementary Table 2 ); and peripheral regional anaesthesia clinical procedures, including one tool assessing peripheral and neuraxial blocks (Supplementary Table 3 ). An in-depth explanation of the advantages and disadvantages of specific types of assessment is provided next.
In seven other articles, an assessment tool was purposefully designed for that study, but psychometric evaluation was not the primary aim. These seven articles are in Supplementary Table 4 as studies of interest, as their methodologies did include some information regarding the tool's psychometric properties.
Multiple-choice questions
MCQ tests have the advantages of testing multiple knowledge areas and efficiently testing large groups of trainees. The inclusion of clinical information into MCQs makes them context rich and forces trainees to use decision-making skills to consider clinical issues alongside theoretical considerations. 2 Uniquely in regional anaesthesia, Woodworth and colleagues 27 reduced an initial 81-item MCQ to 50 items through expert consultation. This was validated by the item-response theory and Rasch modelling to a robust final 47-item MCQ. This final form has evidence for face, content, and construct validity and reliability in testing sono-anatomy knowledge for femoral, sciatic, and above-clavicle brachial plexus blocks.
Hand-motion analysis
Motion analysis uses the Imperial College Surgical Assessment Device (Polhemus, Vermont, USA, and Imperial College London, UK), 57 a radiofrequency tracking system to monitor dexterity, via sensor-embedded gloves worn by the proceduralist. Three end points are measured: time taken to perform a task, number of movements, and path length, as a surrogate of economy of motion. The attraction of hand motion lies with objective end points, measured by a computerized tracking system. Two studies in regional anaesthesia demonstrated construct validity between novices and experts performing ultrasound-guided supraclavicular brachial plexus blocks (Chin and colleagues 49 ) and in labour epidurals (Hayter and colleagues 43 ). In both studies, a secondary aim was concurrent validation with previously used combined checklist and GRSs. 42, 48 However, these were assessed using Pearson or Spearman correlations.
Visuospatial and psychomotor ability screening
The CattelleHorneCarroll theory is a taxonomic system dividing human intelligence into cognitive strata that include visuospatial and psychomotor ability. 58, 59 Visuospatial ability itself is defined as the cognitive capacity to generate, retain, retrieve, manipulate, and process visual information. 58 Psychomotor ability influences the capacity to precisely control objects via bimanual dexterity, and incorporates handeeye coordination, reaction speed, and accuracy. 60 In medicine, individuals with higher levels of visuospatial and psychomotor ability demonstrate greater proficiency in laparoscopic surgery, general surgery, interventional radiology, anatomy, endoscopy, and fibre-optic intubation tasks. 61e69 Potentially, screening for these abilities may identify trainees of lower ability and help target educational interventions to assist them attain competency. Four studies have been performed in regional anaesthesia. The microcomputerised personnel aptitude tester was used to screen trainees for psychomotor ability and performance of labour epidurals (Dashfield and colleagues 40 ). Proficiency was only weakly associated using Pearson correlation, and results may also be influenced by not using a formally recognized neurocognitive test. The other three studies used tasks related to UGRA. Smith and colleagues 28 recruited trainees and screened visuospatial and psychomotor abilities using a battery of neurocognitive tests. All trainees performed a needle visualisation task on a bench-top model, using time and image-quality end points.
Only the block design test (a subset of the Wechsler Adult Intelligence Scale) was associated with performance, whilst psychomotor tests were not significant. Visuospatial ability was again significant in a needle visualisation task (Shafqat and colleagues 36 ) and brachial plexus sonography (Duce and colleagues 29 ) studies, both finding that the Mental Rotations Test-A was significant in discriminating performance. In the former study, the reliability of the composite error score and GRS was also evaluated with ICC and
Cronbach a, with all results 0.90.
Checklists
Checklists are designed to assess the component skills of a procedure. Checklists can be specific for individual nerve blocks, or be intended for a range of blocks. Identification of the core skills can be determined informally through consensus opinions or formally through the Delphi process. During pilot and validation of new checklists, a psychometric analysis of individual items allows the identification of items with poor reliability. Checklists provide a rich source for formative feedback, as weaker component skills within a whole performance can be identified. Contrariwise, checklists reward thoroughness in trainees, but not necessarily discriminate between experts, as the latter group tends to use shortcuts in technique. 1 One study in regional anaesthesia used a 61-item lumbar epidural checklist using consensus opinions from experts (Sivarajan and colleagues 38 ). They defined eight 'critical items', such as accidental dural puncture that was deemed an automatic unsatisfactory performance for the entire checklist. For initial piloting, assessors rated eight videotaped lumbar epidural insertions. Moderate to high reliability was confirmed with Cohen's k, but neither construct validity nor feasibility was evaluated.
GRSs and derivatives
GRSs are differentiated from checklists by the use of Likert scales for scoring and inclusion of items assessing nontechnical aspects, such as communication, teamwork, and efficiency of motion. The theoretical disadvantages of GRSs include the halo effect (the general impression of the trainee influencing scoring of individual items) and scale limitation (assessors marking in a small range of Likert scores instead of using the entire scale). 1 This has led to a belief that dichotomous checklists are objective, whilst the subjectivity inherent in GRSs is seen as a shortcoming. However, in multiple clinical studies, and repeated in a recent meta-analysis, both GRSs and checklists appear to be at least equally reliable.
70e73
The original GRS was a seven-item tool scored on a 5-point Likert scale, introduced in 1997 for objective structured assessment of technical skills in surgery trainees. 37 The direct observation of procedural skills (DOPS) tool was later introduced in 2002, also based on a Likert scoring scale. 6 A type of DOPS used in the Australian and New Zealand College of Anaesthetists for regional anaesthesia workplace-based assessment was evaluated for its psychometric properties for a mixture of ultrasound-guided peripheral plexus blocks (Watson and colleagues   52 ). Whilst exhibiting construct validity and feasibility, the external reliability of the DOPS using ICC (2A, 1) models was 0.32. The critical impact of an appropriate ICC model choice was highlighted; if two assessors are normally used to score trainees, then ICC (2A, k) modelling will instead provide a markedly improved reliability coefficient of 0.88 (Chuan and colleagues 56 ).
Combined checklists and GRSs
Combining a checklist with a GRS has been suggested as the most appropriate tool to assess medical procedures.
1 A combined tool can assess clinical technical skills and professional attributes. Chronologically, the first combined tools were developed for single regional anaesthesia procedures: landmark-guided obstetric epidural analgesia (Friedman and colleagues 42 ) and spinal anaesthesia (Breen and colleagues 45 ), landmark-based neurostimulation-guided interscalene brachial plexus blocks (Naik and colleagues 48 ), and ultrasoundguided axillary brachial plexus blocks (Sultan and colleagues 50 ). The last study is notable in the use of cognitive task analysis, a format of semi-structured interviews and cross referencing against observations by experts, to break down complex procedures into smaller-component tasks. 74 This helps avoid unintentional omission of critical tasks, which can be as high as 70%, when using informal expert panels. More recent studies have developed tools to encompass a range of regional anaesthesia procedures. Cheung and colleagues 51 used a Delphi technique to construct a combined 22-item checklist and a nine-item GRS suitable for peripheral UGRA blocks, but did not undertake any psychometric analysis. This analysis was subsequently performed in 2014 in two separate studies with different results for reliability. Whilst both studies found evidence for construct validity, Wong and colleagues 53 found that the inter-rater reliability was overall poor (ICC 0.44, single-measure ICC model 2A, 1) despite piloting, modifications to the descriptors, and assessor training. In contrast, Burckett-St. Laurent and colleagues 54 found moderate reliability for both checklist and GRS in the clinical setting, but less in the simulation environment (ICC 0.6e0.8, average-measure ICC model not specified). The difference in reliabilities reported by these two studies is large and likely because of the use of different ICC models. Finally, our group designed a tool for use in any regional anaesthesia procedure (Chuan and colleagues 55 ). Validation and reliability testing were conducted using videos of neuraxial and peripheral nerve blocks, performed by landmark-, neurostimulation-, and ultrasound-guided needle guidance. The external reliability was determined by two independent groups of experts in a testeretest pilot phase (Cohen's k 0.70) and in a clinical validation phase using ICC (2A, k) with an overall reliability of 0.80.
Cumulative sum analysis
CUSUM analysis is a type of sequential analysis first used to measure quality assurance in industrial manufacturing. Used in medicine, a trainee's performance can be plotted over successive attempts as trending towards achieving, or moving away from, an agreed competency criterion. 75 CUSUM is different from the psychometric framework and is not amenable to the statistical analyses described in this review. Instead, we summarized the major features of CUSUM and the insights this tool brings to the assessment of regional anaesthesia performance.
In the medical literature, the sequential probability-ratio CUSUM is the most common form. This requires an a priori decision of the acceptable a error (risk of mislabelling a trainee as incompetent) and b error (risk of mislabelling an incompetent trainee as competent), and acceptable (p 0 ) and unacceptable (p 1 ) failure rates. This generates statistical thresholds for either attaining or not attaining competency over time, respectively, denoted as the h 0 lower and h 1 upper decision thresholds. The determination of the success or failure for each attempt is a binary outcome and should use an objective end point. Performance that is trending towards competency is graphically represented as a decreasing CUSUM plot crossing the h 0 lower threshold, whilst worsening performance causes the plot to increase towards the h 1 upper threshold.
Disadvantages for using CUSUM in medical education have been raised, including logistical complexity, as multiple attempts per trainee are required to construct the CUSUM plot; differences in technical difficulty cannot be modelled; and previous performance is disproportionally weighed, which may not be reflective of current levels of competency. 75 More recently, Sivaprakasam and Purva 44 demonstrated that acceptable and unacceptable labour epidural failure rates are sensitive to small changes in a priori variables. CUSUM articles have described the learning curve for a range of regional anaesthesia tasks. These have included parttasks (ultrasound-guided needle-tip visualisation 30, 35 and neuraxial sono-anatomy 34 ) and clinical procedures (lumbar neuraxial, 31, 39, 41, 44, 46 caudal blocks, 32 and penile blocks 47 ). The studies show a wide inter-personal variability in learning adult blocks, but less for paediatric blocks. Learning curves generated from CUSUM studies have had practical implications. Novices benefit greatly from deliberate practice intervention 35 vs a discovery-learning protocol 30 when learning a needle-guidance task with ultrasound. Margarido and colleagues 34 used CUSUM to trial the learning curve of a deliberate practice intervention for novices to learn neuraxial sono-anatomy, resulting in changes to their curriculum. Drake and colleagues 46 used CUSUM to analyse retrospectively their labour epidural complications, which led them to modify their informed-consent material.
Discussion
The aims and nature of the assessment in anaesthesia have fundamentally changed. Internationally, anaesthesia credentialing bodies have adopted competency-based curricula based on the principles of the adult lifelong learner. 76 In this context, assessments have assumed importance as both summative (assessment of learning and high-stakes tests) and formative (assessment for learning, feedback, and reflection) tools, anchored on predefined criteria and purposefully designed. 8, 77, 78 The 2010 Ottawa documents provide a framework to perform psychometric evaluation of these assessment tools.
The significance of assessing the assessment tools should not be underestimated. For summative assessments, evidence of fairness and test score reproducibility is a minimum requirement for stakeholders. More recent tools have re-used or modified older checklists and GRSs, and thus, the original tools should be critically evaluated for validity and reliability. Lastly, research in regional anaesthesia education would be greatly advanced if we used accepted, common, and reliable tools. This would allow pooling of results in meta-analyses, comparisons between institutions, comparisons over time, and comparing the relative effectiveness of different educational interventions.
The literature search found that several types of assessment tools have been used to evaluate regional anaesthesia performance for different purposes, from part-tasks to workplace-based clinical assessment. There was recognition in all articles to conform to the criteria of ideal tools, namely, validity (in particular face, content, and construct validity) and reliability. A smaller number of articles evaluated feasibility, but no article attempted to evaluate educational benefit or stakeholder acceptability.
The included studies were heterogeneous in methodology, especially in statistical analysis, which makes interpretation difficult. A recurring problem identified in this review concerned reliability testing. In our experience, the modelling assumptions that greatly inflate the ICC coefficient are average measures and consistency agreement. Unless the assessment tool was purposefully designed to be scored by multiple assessors simultaneously, single-measure models should be used. With Likert scales, absolute-agreement models should be used. Researchers should state the ICC model used in their methodology, as incorrect modelling will provide a false assurance of reliability. Similarly, the limitations of Pearson correlation and Cronbach's a must be recognized as only describing reliability in ideal situations, and the use of an appropriate ICC model is instead encouraged.
Learning a complex procedure, such as UGRA, by deconstruction into component part-tasks comes from the surgical literature. 79 This systematic approach of pre-training improves learning by concentrating on known quality compromising behaviours seen in UGRA novices. 80, 81 Following this, current part-task assessment tools have focused on, first, competency in theoretical sono-anatomy; second, defining learning in ultrasound image acquisition; and, third, learning of real-time needle guidance in low-and high-fidelity phantoms. Further MCQs, constructed using the item-response theory as exemplified by Woodworth and colleagues, 27 should be created to address important gaps, such as neuraxial sono-anatomy. A relative deficiency is lack of a validated checklist or GRS tool to assess competency in practical UGRA skills using part-trainer models. In contrast to part-tasks, workplace-based assessment tools aim to evaluate the trainees over their entire regional anaesthesia clinical performance. Nearly all types of tools have been used in this context. Motion-analysis tools have demonstrated the ability to discriminate between novices and experts in both neuraxial and peripheral regional anaesthesia. 43 44 and have a potential to provide formative feedback. Combined checklists and GRSs have been used for neuraxial and peripheral nerve block assessment. An attractive aspect of the combined tools is the concurrent assessment of technical and non-technical skills and professional attributes. Regional anaesthesia experts are characterized not just by higher technical proficiency, but also more developed cognitive (decision making, situational awareness, resource management, and anticipation of problems) and interpersonal skills (communication, teamwork, leadership, and selfawareness of limitations). 82, 83 The GRSs used in these combined tools are similar in design. Encouragingly, across different block types and study environments, validity and reliability appear to be consistent. In contrast, appraisal of the checklist component shows that further research is required. The most recent checklists were designed to be applicable across multiple block types (Cheung and colleagues, 51 for ultrasound-guided peripheral blocks;
Chuan and colleagues, 55 for all peripheral and neuraxial blocks). In the former tool, the two validation studies showed marked difference in reliability, whilst in the latter tool a confirmatory validation study is yet to be published. The attractiveness of either tool is broader applicability than tools designed for a particular block type. If consistent validity and reliability can be demonstrated, these tools could offer a standardized single-assessment format across multiple institutions. There are several avenues for future research using assessment tools. Individuals learn differently, which contributes to the variability of the UGRA learning curve. Assessments could be repurposed as primary screening tools to identify novices who are predicted to struggle with UGRA skills. As an example, our current studies suggest that visuospatial, rather than psychomotor, ability has a better predictive value for future UGRA task performance. 28, 29, 36, 40 Educational interventions may then be more productively directed to these trainees, which is essential in our resourceand time-poor teaching environment.
Finally, non-technical attributes in regional anaesthesia lag behind that of our understanding of motor skills development. 84 Technical performance of nerve blocks is but one aspect of delivery of anaesthesia care to a patient. As succinctly described by Neal, 85 'focusing on technical success says nothing regarding the resident's overall competence as a physician'. Further simulation and best methods to train these important professional attributes are required. The limitations of this review include potential bias from the process of article selection and from the quality of the included articles. The initial screening of citations was performed independently by blinded authors and the selected articles were then systematically evaluated. Whilst the process was methodical, relevant articles may have been inadvertently omitted. More seriously, bias in medical education articles is not as readily estimated as in clinical trials, because of quite different study designs. Subsequently, a risk of bias and quality of evidence evaluation was not performed; we instead chose to evaluate the statistical rigour and quantitative results of the included studies against the psychometric framework.
In conclusion, competency-based assessment tools are used in all aspects of assessing regional anaesthesia performance, and provide information on the competency, safety, and educational progress of practitioners. The psychometric evaluation of these tools provides credibility of results obtained by the tool. Following published frameworks on methodology and statistical analysis will improve the reporting and interpretation of studies of regional anaesthesia assessment tools.
